several species including the human foetus. The size and weight of the foetus are generally much below normal.
In humans marked size differences have been reported after aminopterin and after busulphan treatment. Infants born of mothers who are smokers weigh less than those of non-smokers at any stage of their development. The prematurity rate is also twice as high when the mothers are smokers.
Nicotine is teratogenic in the mouse and particularly affects the skeleton. Variations of the morphological type of malformation: Experiments in rodents with various drugs show that the reaction of the foetus varies in relation to the developmental stage. For example, between day 6 and day 9, 6-mercaptopurine determines central nervous malformations in the rat, while after day 11 leg anomalies are produced. These anomalies are similar to those produced in humans by thalidomide. Relation to chemical structure: Results obtained with purine analogues and oral hypoglycemic agents are significant examples of the fact that neither the chemical structure nor the pharmacological properties of a drug allow one to predict their possible action on the foetus. Remote detectable effects: Certain drugs or environmental factors do not produce obvious effects during foetal development but striking examples of remote drug action have been observed. For example, after administration of high doses of cortisone to pregnant rats (20 mg/kg daily from day 6 to day 16) there is no apparent deleterious effect on the evolution of pregnancy and the foetuses are normal in appearance though they are extremely frail and the majority die in the second or third week ofpost-natal life.
Interesting adjustment disturbances have been reported in manganese-deficient rats and guineapigs. The newborn have a normal appearance but they develop ataxia due to malformation of the vestibular component of the inner ear. It has also been observed that, in the mouse, manganese deficiencies produce anomalies of equilibrium which are real phenocopies of the genetical ataxia known in these species. If these genetically abnormal mice are fed an extra amount of manganese during pregnancy the occurrence of ataxia can be prevented. Pseudo-dysmorphogenesis: Somatotrophic hormone (STH) has been considered by many biologists as a stimulant of embryonic growth. However, from studies in rats it can be concluded that STH administered to the mother does not stimulate embryonic growth but inhibits it. The overweight of the newborn is related to a prolongation of the gestational period. Haloperidol, a tranquillizing drug,-when admin-istered in doses of 2-10 mg/kg in pregnant rats or mice determines in 300% of litters a striking inhibition of growth. Feetuses are apparently normal but are undersized. By exploratory examination of the uterus as well as by unilateral hysterectomies it could be demonstrated that the growth inhibition of haloperidol is due to delayed implantation.
Conclusion
In comparison with the present-day safety of the newborn, the unborn has to face dangers which are greater than at any previous period of time. Disinfectants, pesticides and many drugs harmless to the mother can have deleterious effects on the foetus and determine impairment of prenatal growth, congenital malformations or remote disorders which account for postnatal mortality. The developing organism is susceptible to as wide a range of disease-producing factors as the adult. In mammals the uterus may protect the foetus from some of these factors but under certain circumstances, e.g. isoimmunization, it may also provide a hostile environment.
A disease-producing factor can act upon a developing tissue in three ways: it may destroy it; it may depress cell function or division thereby arresting development; or it may stimulate cell division and result in exuberant growths ofnormal or aberrant tissue. The susceptibility of the tissue to disease-producing factors will vary according to the rate of cell division and the degree of differentiation reached, and is influenced by factors such as 'substrate' competition and the functional competence of the developing organism's defence mechanisms.
The interactions of disease and development are thus complex. Most embryonic organs arise with initial moments of intense activity and brief encounters with disease at these moments can result in death or gross deficiencies which may preclude further development. Morphogenesis is more gradual and an encounter with disease during the various phases of this process can lead to a variety of malformations. Development of the nervous system is especially protracted and interaction with disease can produce a range of lesions, the final appearance of which mrny obscure the actual pathogenesis.
Two diseases of newborn lambsswayback and border diseaseillustrate this concept. In both there is a myelin defect. Swayback is associated with copper deficiency and has been regarded as a demyelinating disease. Serial pathological examinations, cytological histochemistry and electron microscopy have recently yielded information which suggests that failure of the neurone to sustain its axon is the basic lesion. The effect on the myelin sheath, if such is present, is a consequence of this and thus swayback is not a demyelinating disease.
Border disease is caused by a transmissible agent and congenital hypomyelinogenesis is the main neuropathological manifestation. Preliminary ultrastructural studies indicate that faulty differentiation of spongioblasts into myelinforming oligodendroglia and astrocytes may occur. In this event both border disease and swayback can be regarded as malformations. The following evidence suggested that congenital tremor type Al was the result of transplacental infection with particular strains of swine fever virus:
(1) In Great Britain the disease was found to be almost constantly related to antecedent swine fever infection of the dam (Harding et al. 1966 ).
(2) After the eradication of swine fever by slaughter no further cases of congenital tremor type Al have been seen.
(3) Although infection of pregnant sows with swine fever virus was not rare prior to June 1965 (Campbell 1965) , congenital tremor occurred as an epidemic in some herds but not at all in others. Typically it was not associated with malformations other than of the central nervous system.
(4) Workers in several countries have produced experimental transplacental infection of pig foetuses with strains of swine fever virus but none has reported the occurrence of congenital tremor in the progeny of experimentally infected sows. (5) Isolations of clinically mild strains of swine fever virus, but of no other virus, have been made from pig foetuses showing cerebellar hypoplasia before birth.
Growth studies on the foetal pig cerebellum (Done & Hebert 1968) had indicated that the probable period of maximum vulnerability was after about sixty-two days' gestation. In an attempt to infect the foetal CNS before this stage, Done & Harding (1968) inoculated 9 pregnant primiparous sows at 10, 15, 20, 25, 30, 35, 40, 45 and 50 days of gestation with a strain of swine fever virus which had been isolated from pig foetuses in a naturally occurring outbreak of congenital tremor with cerebellar hypoplasia. Another similar sow was retained as an uninoculated control. None of the sows showed any clinical abnormality during pregnancy, though all but the control developed precipitating antibodieo to swine fever by the time of parturition.
All the experimentally infected sows farrowed litters of normal size without significantly raised preor intra-partum mortality. Some or all of the piglets from all the infected sows showed symptoms of congenital tremor; all the piglets of the control sow were clinically and morphologically normal.
Piglets in affected litters showed varying degrees of cerebellar hypoplasia and dysplasia, with retarded myelination of the brain and spinal cord and reduction of spinal cord size. All the piglets which showed symptoms had lesions of the brain and/or spinal cord, but a few animals with definite lesions of the central nervous system were clinically apparently normal.
The developmental defects in the cerebellum and spinal cord were more severe in the clinically affected progeny of sows infected earlier in pregnancy but there was considerable variation within litters. However, the defects were qualitatively similar in all cases and not referable to the stage of development of the fe2tal central nervous system at the time that the sows were exposed to infection. It is considered that this strain of swine fever virus exerts specific effects on particular cells, and that, provided infection occurs before their phase of maximum vulnerability is past, the actual time at which infection of the foetus occurs is relatively unimportant.
